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(54) High voltage semiconductor monolfthic device with Integrated edge structure and 
corresponding manufacturing process 



(57) A monolithic high-voltage semiconductor 
device with integrated edge structure of the type pro- 
vided on a semiconductor material substrate (2) having 
a first conductivity type and on which are grown a first 
(5) and second (6) epitaxial layer having the same con- 
ductivity type. 

The device (1) comprising also a type PN junction 
(3) including a first diffuse region (4) having a second 
conductivity type provided inside the first (5) and sec- 
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ond (6) epitaxial layers and an edge structure (10) also 
provided inside the epitaxial layers (5) and (6) and adja- 
cent to the junction (3) including a termination region 

(1 2) having a second conductivity type. 

The device (1) is characterized in that the edge 
structure (10) also comprises at least one thin region 

(13) having a second conductivity type located between 
the junction (3) and the termination region (12). 
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Descripti n 

The present invention relates to a monolithic high- 
voltage semiconductor device with integrated edge 
structure and an to associated manufacturing process, s 

As known, monolithic higlwoftage semiconductor 
devices comprising type PN planar junctions must with- 
stand high voltages with reverse bias. 

A typical example is the base-collector junction of 
an NPN bipolar transistor. w 

The larger part of PN junctions provided by planar 
technology comprise essentially a first semiconductor 
region, e.g. a diffuse region having a first conductivity 
type which is formed inside a second semiconductor 
region, e.g. an epitaxial layer having conductivity of is 
opposite type. 

Over these two regions is deposited an insulating 
oxide layer on which are provided the metallic contacts 
for electrical connection of the junction. 

Under conditions of reverse bias the junction is sur- 20 
rounded by a charge depletion region in which is 
present an electrical field which does not have uniform 
distribution. 

Indeed, as shown in FIG. 1 , opposite the flat portion 
of the junction the equipotential lines are parallel while 25 
opposite the edge portion of the junction, because of 
the finite dimensions of the latter, the equipotential lines 
are curved and are much less spaced apart. 

This involves raising of the electrical field especially 
near the surface of the semiconductor device. 30 

This high surface electrical field causes the break- 
down voltage of the junction to be less opposite the 
edge portion than at the flat portion. 

To reduce the electrical field in the edge portion 
there are used different known technical solutions. 35 

A common objective of these techniques is essen- 
tially that of modifying the dimensions of the depletion 
region so as to prevent local increases in the electrical 
field from causing premature junction breakdown. 

A first solution of the prior art to satisfy this require- 40 
merit calls for provision of so-called metallic field plates 
which are formed by extending the metallic contact of 
the diffuse regions over the insulation oxide layer as 
shown in FIG. 2. 

The metallic field plate, by acting as a shield, forces as 
the equipotential lines to extend in a wider portion of the 
semiconductor device to aid reduction of the surface 
electrical field and consequent increase in the break- 
down voltage of the junction edge portion. 

Although advantageous in some ways this first so 
technical solution of the prior art exhibits the shortcom- 
ing that at the edges of the metallic field plate the shield- 
ing action decreases with consequent increase in the 
surface electrical field. 

A second solution of the prior art is described in US ss 
patent no. 4,667,393 of the same applicant which sug- 
gests providing near the junction edge portion an edge 
structure comprising one or more so-called high-resis- 
tivity rings as shown in FIG. 3. 



The depletion region is thus extended into a 
broader portion of the semiconductor device to broaden 
the space charge distribution with resulting decrease in 
the surface electrical field. 

Specifically the rings are provided inside the epitax- 
ial layer by means of implantation and diffusion of a 
dopant material having conductivity type opposite that 
of the epitaxial layer and specifically type P-. 

By controlling the amount of implanted material and 
the diffusion process it is possible to achieve the desired 
resistivity. 

When the semiconductor device must withstand 
high voltages there are provided two or more concentric 
rings with resistivity decreasing from the inside outward. 

However, small ring junction depth to epitaxial layer 
thickness ratios are responsible for rather high surface 
electrical field values hence sensitive to the charges 
present near the device surface (moving charges and 
charges located at the interface between the insulating 
oxide and the silicon). 

Local variations in the electrical field due to these 
charges can generate so-called walk out/walk in phe- 
nomena or conduction of channeled charges which 
overall make the edge structure unsteady and precari- 
ous. 

As shewn in FIG. 4, by increasing the ring junction 
depth to epitaxial layer thickness ratio there are 
obtained rings with greater curve radii which improve 
the uniformity of the depletion region and lower the sur- 
face electrical field values. 

Thus there is provided another technical solution of 
the prior art denominated "deep ring technique", capa- 
ble of ensuring better stability of the edge structure. 

It is noted that this technique is based on the impor- 
tant result that the junction breakdown voltage depends 
heavily on the quantity AX=Xj2-Xj1 where Xj1 is the 
junction depth for the junction to be protected while Xj2 
is the junction depth of a so-called termination region 
incorporating the rings provided by the above men- 
tioned technique as shown in FIG. 5. 

In the presence of termination regions with non-uni- 
tary edge efficiency, upon increase in the positive quan- 
tity AX the breakdown voltage of the junction to be 
protected also increases. 

The edge structures provided in this manner have 
the advantage of making breakdown of the junction to 
be protected independent of the diffuse region since the 
breakdown takes place in the termination region. 

Provision of termination regions with high junction 
depth involves the use of fast drffusers or long or high- 
temperature diffusion cycles in the case of slow drffus- 
ers. 

This makes the edge structure integration process 
very costly especially in the case of slow diffusers. 

The technical problem underlying the present 
invention is to provide a monolithic semiconductor 
device with integrated edge structure especially efficient 
and economical to manufacture. 

The solution idea underlying the present invention 
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is to place between a junction to be protected and a ter- 
mination region a thin region of appropriate thickness 
and doping so as to achieve extension of the junction to 
be protected while simultaneously reducing its depth. 

The technical problem is solved by a device of the 
type indicated above and defined in the characterizing 
part of daims 1 to 1 1 annexed hereto. 

The technical problem is also solved by a process 
for manufacture of the above mentioned device in 
accordance with claim 12. 

The characteristics and advantages of the device 
and process in accordance with the present invention 
are set forth in the description of an embodiment thereof 
given below by way of non-limiting example with refer- 
ence to the annexed drawings. 

In the drawings: 



FIG. 1 shows a vertical cross section in enlarged 
scale of a planar junction, 

FIGS. 2 to 5 show vertical cross sections in 
enlarged scale of different embodiments in accord- 
ance with the prior art of an edge structure associ- 
ated with the planar junction shown in FIG. 1 , 

FIG. 6 shews a vertical cross section in enlarged 
scale of a high-voltage semiconductor device with 
incorporated edge structure provided in accord- 
ance with the present invention, 

FIG. 7 shows the device of FIG. 7 with incorporated 
edge structure represented in a second and more 
general embodiment in accordance with the 
present invention, and 

FIGS. 8 to 10 show different trends of the equpo- 
tential lines inside the device in accordance with the 
present invention. 

With reference to the figures reference number 1 
indicates as a whole and schematically a monolithic 
high-voltage semiconductor device provided in accord- 
ance with the present invention with an integrated edge 
structura 

The device 1 shown in FIG. 6 is achieved starting 
from a substrate 2 of semiconductor material, ag. sili- 
con, having a first type of conductivity and in particular 
type N++ on which are grown a first 5 and a second 6 
epitaxial layer having the same type of conductivity and 
in particular type 

The first epitaxial layer 5 has a high resistivity and a 
considerable thickness to ensure voltage tightness of 
the device 1. 

In addition the device 1 comprises a junction 3 pro- 
vided through a first diffuse region 4 having a second 
type of conductivity and in particular type P which is 
formed in the first 5 and second 6 epitaxial layers. 

Specifically the first diffuse region 4 comprises a 
first buried region 7 having conductivity of the second 



type and in particular type P and a deep region 8 having 
conductivity of the same type and in particular type P+. 

The deep region 8 contacts laterally the first buried 
region 7 connecting it to the surface of the device 1 . 
s It is noted that in the case of VIPcwer™ high voltage 
devices (breakdown voltage: 1 0OOV-20000) the first bur- 
ied region 7 should have a junction depth around 1/4 to 
1/3 the residual thickness of the first epitaxial layer 5 
underlying the region 
10 inside the first diffuse region 4 is included a second 
diffuse region 9 having conductivity of the first type and 
in particular type N+ which delimits below a portion 9bis 
of the epitaxial layer 6 designed to received a circuitry 
operating at low and/or high voftaga 
15 The first diffuse region 4 forms an annular insulat- 
ing region enclosing the second diffuse region 9 and the 
portion 9bis of the epitaxial layer 6 to isolate it com- 
pletely from the rest of the device 1 . 

Again with reference to FIG. 6 the device 1 also 
20 comprises an edge structure 10 provided inside the epi- 
taxial layers 5 and 6 and in part overlying a portion of 
edge 1 1 of the junction 3. 

This edge structure 10 comprises at least one ter- 
mination region 12 having conductivity of the second 
25 type and in particular type P- and at least one thin 
region 13 having the same type of conductivity and in 
particular type P located between the edge portion 1 1 of 
the junction 3 and the termination region 12. 

Specifically the thin region 13 is provided in the see- 
so ond epitaxial layer 6 and is partly overlaid on the portion 
11 of the junction 3 and partly overlaid on a portion 14 
of the termination region 12. 

In addition this thin region 13 is provided with 
appropriate thickness and doping to achieve an exten- 
35 sion of the junction 3 while reducing Hs depth at the 
same time. 

The thin region 13 can also be provided with an 
inconstant and gradually decreasing resistivity as it 
approaches the termination region 12. 

40 Specifically the thin region 13 must be less deep 
than the termination region 12 so as to make more sig- 
nificant the difference between the junction depth of the 
termination region 12 and the junction depth of the out- 
ermost region of the junction 3. 

45 The thin region 13 is also capable of decoupling the 
electrical field created along the edge portion 1 1 of the 
junction 3 from the electrical field created along the 
edge portion 14 of the termination region 12 overlaid on 
the thin region 13. 

so This decoupling occurs when the electrical field 
component parallel to a junction 15 formed by the thin 
region 13 and the second epitaxial layer 6 reaches virtu- 
ally null values in the zone of the epitaxial layer 6 under- 
lying the junction 15 for a depth dependent upon the 

55 ratio of the dope concentrations present in the thin 
region 13 to those present in the epitaxial layers 5 
and/or 6. 

The width of the thin region 13 also depends on the 
ratio of its dopant concentration to the dopant concen- 
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tration present in the edge portion 14 of the termination 
region 12. 

Rom another viewpoint effectiv decoupling of the 
electrical field is achieved when the structure of the ter- 
mination region 12 is fixed and the dose and extension s 
of the thin region 13 are combined in such a manner as 
to eliminate the critical nature of the gradient of the equi- 
potential lines respectively on the edge portion 1 4 of the 
termination region 12 and on the edge portion 1 1 of the 
junction 3, whence can derive edge breakdown of the to 
device 1. 

It is noted that if the termination region 12 is pro- 
vided using material with high diffusivity such as e.g. 
aluminium while the same region 12 includes a third dif- 
fuse region 1 6 with high resistivity having conductivity of is 
the second type and in particular type P- as shown in 
FIG. 6. 

For termination regions provided in this manner and 
hence very deep the thin region 13 can comprise at 
least two diffuse regions having type P conductivity and so 
formed on the two epitaxial layers 5 and 6 in such a 
manner as to better protect the junction 3. 

If the termination region 12 is provided using a 
material with lower diffusivity, e.g. boron, the termination 
region 12 can be formed from a fourth 17 and a fifth 18 25 
diffuse regions which have greater junction depth than 
the edge portion 1 1 of the junction 3. 

To further increase this junction depth beneath the 
two diffuse regions 17 and 18 there can be provided a 
second buried region 1 9 as shown in FIG. 7. 30 

The three regions exhibit high resistivity and con- 
ductivity of the second type. 

Specifically for the example shown in the figure the 
fourth diffuse region 1 7 and the second buried region 1 9 
exhfoit type P- conductivity while the fifth diffuse region 35 
18 has type P- conductivity. 

Lastly the device 1 comprises a layer of insulating 
oxide 20 located on the surface on which is provided a 
metallic region 21 for contact of the junction 3 which 
extends not beyond the portion 11 of the junction. ao 

There are now described the steps of the process 
leading to production of the device 1 . 

The integration process begins with growth of the 
first epitaxial layer 5 on the substrate 2. 

In this first epitaxial layer 5 is provided by implarrta- 45 
tion and successive diffusion heat treatment the buried 
region 7. 

Successively, opposite this buried region 7, is pro- 
vided by means of implantation and successive diffu- 
sion heat treatment the second diffuse region 9. so 

On the first epitaxial layer 5 is then grown the sec- 
ond epitaxial layer 6 in which is implanted and succes- 
sively diffuse the deep region 8 to permit electrical 
continuity with the buried region 7. 

The steps thus far described provide for standard ss 
production of the diffuse and insulated regions typical of 
VIPower™ devices which use the junction insulation 
technique for the various components making up the 
circuitry incorporated in the portion 9bis of the second 



epitaxial layer 6. 

After completion of these steps one proceeds to 
provision of the edge structure 10. 

The thin region 13 which ensures electrical continu- 
ity between the junction 3 and the termination region 12 
is provided in an intermediate step between formation of 
the second epitaxial layer 6 and formation of the deep 
region 8 by means of implantation and successive ded- 
icated diffusion heat treatment 

As an alternative the thin region 1 3 is formed in suc- 
cessive steps by using implants and heat cycles neces- 
sary for provision of the various components making up 
the circuitry incorporated in the portion 9bis of the sec- 
ond epitaxial layer 6 and hence not explicitly dedicated 
to provision of the thin region 13. 

For provision of the thin region 13 there can also be 
used variable transparency solutions. 

The integration process of the device 1 continues 
with provision of the termination region 12. 

As concerns this region also different process vari- 
ants are possible. 

Specifically if a high-diffusivity dopant material is 
used the termination region 12 is formed by implanta- 
tion and successive diffusion heat treatment of the third 
diffuse region 16. 

If the material used has lower diffusivity the termi- 
nation region 12 is formed by implantation and succes- 
sive diffusion heat treatment of one or more regions, 
eg. the fourth 17 or fifth 18 diffuse region so that it is 
always deeper than the thin region 13 in the part contig- 
uous therewith. 

In this regard it is possible to use the same heat 
treatment used to diffuse the deep region 8 after use of 
dedicated implantation in the desired regions. 

Furthermore if it is desired to improve the overall 
characteristics of the edge structure 10 there can be 
achieved e.g. relatively deep diffuse regions using the 
first epitaxial layer 5. 

Indeed, in accordance with the criteria of the prior 
art, by dedicated implantation and successive diffusion 
heat treatment to be performed on this first epitaxial 
layer 5 there can be provided one or more buried 
regions such as e.g. the second buried region 19. 

The only condition to be observed for this purpose 
is that after completion of the edge structure electrical 
continuity be assured between the regions integrated 
respectively on the first and second epitaxial layers (dif- 
fuse regions 17 and 18 and second buried region 19). 

For the termination regions of the above described 
type the known variable transparency technique can be 
used by appropriately modifying the layouts defining for- 
mation of the diffuse regions to achieve more elaborate 
edge structures. 

After completion of the termination region 12 the 
integration process of the device 1 proceeds in accord- 
anc with the known integrated power device manufac- 
turing techniques. 

In conclusion the device 1 in accordance with the 
present invention comprises an edge structure 10 which 
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overall exhibits the characteristics called for by integra- 
tion of termination regions in accordance with the above 
mentioned known techniques while not necessarily hav- 
ing recourse to integration of termination regions with 
extremely deep junctions. 5 

An example of an edge structure comprising a ter- 
mination region provided as in FIG. 7 was simulated by 
including provision of the thin region 13 in the interme- 
diate step between formation of the second epitaxial 
layer 6 and formation of the deep region 8. w 

FIG. 8 shows the simulated edge structure with 
hatching while the junction portion belonging to the thin 
region 13 is shown with crosses. 

In the same figure are also shown the equipotential 
lines spaced 50V apart e.g. for the case of a substrate is 
dimensioned for 1500V and biased at this voltage. 

It is important to note that near the thin region 13 
the equipotential lines remain virtually parallel with the 
surface of the device 1 while the potential increases 
mainly beneath the junction 3 to ensure breakdown 20 
opposite its flat portion. 

In figures 9 to 9b are reproduced in detail the simu- 
lated behaviors of the equipotential lines in the thin 
region 13. 

The three charts concern the same edge structure 25 
in which, from top to bottom, the width of the thin region 
13 is that specified, half or absent 

From the figure rt appears clearly that the equipo- 
tential lines tend rapidly to deflect toward the edge por- 
tion 1 4 of the termination region 1 2 where the extension 30 
of the thin region 13 is reduced to less than 30um 

In parallel the location of the maximum electrical 
field passes from the corner of the junction 3 to the tran- 
sition point between the thin region 13 and the termina- 
tion region 1 2 to procure breakage of the edge structure 35 
as shown by a crossed line. 

Again, since behind the portion 14 of the termina- 
tion region 12 the electrical field is reduced the deple- 
tion region formed outside the junction 3 when it is 
reverse biased essentially affects the termination region 40 

12 without involving the thin region 13. 

Marginally to these simulations it was also verified 
that the presence of a metallic field plate has no influ- 
ence on the behavior of the potential in the thin region 

1 3 as may be inferred by comparison of FIG. 8 with FIG. 45 
10 for an edge structure having a short field plate. 

Finally, recourse to the thin region 13 appears to be 
a valid option because it allows reduction of the overall 
extension of the termination region 12 while keeping its 
edge efficiency. so 

Claims 

1. Monolithic high-voltage semiconductor device with 
integrated edge structure of the type provided on a 55 
semiconductor material substrate (2) having a first 
conductivity type and on which are grown a first (5) 
and a second (6) epitaxial layer having the same 
conductivity type as well as comprising a type PN 



junction (3) including a first diffuse region (4) having 
a second conductivity type provided inside the first 
(5) and second (6) epitaxial layers and an edge 
structure (10) also provided inside the epitaxial lay- 
ers (5) and (6) and adjacent to the junction (3) 
including a termination region (12) having a second 
conductivity type and characterized in that said 
edge structure (1 0) also comprises at least one thin 
region (13) having a second conductivity type 
located between the junction (3) and the termina- 
tion region (12). 

2. Device in accordance with claim 1 and character- 
ized in that the thin region (13) is provided inside 
the second epitaxial layer (6). 

3. Device in accordance with claim 2 and character- 
ized in that the thin region (13) is partly overlaid on 
an edge portion (1 1) of the junction (3). 

4. Device in accordance with claim 3 and character- 
ized in that the thin region (1 3) is partly overlaid on 
an edge portion (14) of the termination region (12). 

5. Device in accordance with claim 1 and character- 
ized in that the thin region (13) has a type P con- 
ductivity. 

6. Device in accordance with claim 5 and character- 
ized in that the thin region (13) is thinner than the 
termination region (12). 

7. Device in accordance with claim 6 and character- 
ized in that the thin region (13) has a length and 
resistivity dependent upon the dopant material con- 
centration of the regions adjacent thereto. 

8. Device in accordance with claim 7 and character- 
ized in that the resistivity of the thin region (13) is 
less than that of the termination region (12). 

9. Device in accordance with claim 8 and character- 
ized in that the resistivity of the thin region (13) is 
greater than that of the edge portion (1 1) of the 
junction (3). 

10. Device in accordance with claim 6 and character- 
ized in that the thin region (13) has inconstant resis- 
tivity. 

11. Device in accordance with claim 1 and character- 
ized in that the thin region (1 3) includes at least two 
diffuse regions having conductivity of the second 
type and provided inside the first (5) and the second 
(6) epitaxial layers. 

12. Process for the manufacture of a monolithic high- 
voltage serniconductor device with integrated edge 
structure and provided on a semiconductor material 
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substrate (2) having a first conductivity type and on 
which are grown a first (5) and a second (6) epitax- 
ial layer having the same conductivity type with said 
device comprising also a type PN junction (3) 
including a first diffuse region (4) having a second 5 
conductivity type provided inside the first (5) and 
second (6) epitaxial layer and an edge structure 
(10) provided inside the epitaxial layers (5) and (6) 
and adjacent to the junction (3) including a termina- 
tion region (12) having a second conductivity type 10 
and characterized in that it calls for a step of 
implantation and successive diffusion of at least 
one thin region (13) having a second conductivity 
type called for inside the second epitaxial layer (6) 
between the junction (3) and the termination region 15 
(12). 
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